Using equations A5 and A6, an empirical relationship can be found for θ Msag (equation A7).
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However, the sagged limit must exceed the critical limit for θ Y > 90°. The difference between the sagged limit and the critical limit is plotted with respect to the height to width ratio (c/a) for multiple surface chemistries ( figure A1 ). For θ Y > 105°, the critical limit exceeds the sagged limit, and hence a feasible sagged limit cannot exist for the corresponding surface chemistries. It is seen that the sagged limit assumes a real, positive value for a pillar height to width ratio greater than 0.7.The sagged limit exceeds the critical limit for 90° < θ Y < 105° ( figure A2 ). The aforementioned symbols are presented in To analyze the surface characteristics related to equation B2, it is extremely important to convert the fractional exponents of φ to linear formulations. To aid the simplification, the number B1 is In the next steps, binomonal equation of fractional exponents is used to simplify and expand φ.
The binomial expansion of an algebraic function with a coefficient s and a fractional exponent n is given as follows.
Using binomial expansion, equations B7 and B8 are simplified to the 3 rd term (equations B10-B13).
Upon simplification, equations B11 and B13 are multiplied. Since δ is the difference between two cosines, its absolute value is always less than unity. Hence, the coefficients of the higher exponents δ (δ 3 and δ 4 ) are neglected (equation B 14).
Equation 14 is substituted in equation B5 (equation B15).
The parameter δ is expressed in terms of θ CB and θ Mdep (equation B17).
(
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The simplified form of φ is substituted to equation B2 (equation B18).
Equation B18 Case ii: τ < 0 and ( + 4 + 4 ) < 0
The above mentioned cases are analyzed as follows.
Case i
The function τ is a product of several expressions. Thus, to have Δ >0, the penetration depth has a minimum value determined by a, b, θ Y . It is seen that h typically assumes values of the order of mm, much higher than the μm sized pillar height
c. This clearly shows that in general, it is not feasible to have a penetration with θ Y >90°. In the following section, the sufficient condition to have a mathematically deductible θ M is described.
Sufficient condition to have a θ Mdep with θ Y >90°
Since To further analyze the result, the inequality must be squared. It should be noted that the inequality, on being squared, may not necessarily retain its sign. The modulus of each term must be squared and compared. To demonstrate this, a corollary is presented as follows.
On squaring the inequality −4 < 2 < 5 without changing signs, a wrong result is obtained, i.e.
< 4 < 25.
The squared inequality is not correct, since 16 > 4. The domain of β plays a very crucial role in further analysis.
For θ Y >90°, the inequality can be simply squared without changing signs.
Inequality B32 is simplified to generate inequality B33.
, inequality B33 is simplified in the following steps to render inequality B36.
The above inequality suggests that 0 ≤ −(1 + ) 2 , which is absurd. Hence, it can be inferred that no sufficient condition exists for a depinned state with θ Y >90°. Since neither the necessary condition, nor the sufficient condition render mathematically plausible surface characteristics, it is found that surface energy minimization cannot solely account for a depinned state for surfaces with θ Y >90°. 
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Supporting information D: Determination of quasi-static limit for robustness
The antiwetting pressure must be higher than 117.23 Pa for a quasi-statically robust surface.
Equation 17 (equations D1-D6) to generate the quasi-static limit of spacing to width ratios.
In order to have a quasi-static limit, the quasi-static spacing to width ratio must exceed its critical counterpart (equation D7). Expressions for both the limits are substituted, and the inequality is 
